Humulus lupulus (Cannabaceae) is well known throughout the world as a raw material in the brewing industry. The antioxidative action of hop cones is poorly understood, therefore the aim of our present study was to investigate in vitro changes in human plasma induced by peroxynitrite in the presence of the highly purified extract from hop cones (Humulus lupulus). The aim of our study was also to explain the effect of the extract from hop cones on coagulation activity of human plasma treated with peroxynitrite. The action of the extract from hop cones was compared with the properties of a well-characterized commercial monomeric polyphenol -resveratrol (3,4',5-trihydroxystilbene). The tested plant extract, like resveratrol, significantly inhibited protein carbonylation and nitration in plasma treated with ONOO - (0.1 mM) . The extract from hop cones, like resveratrol, also caused a distinct reduction of plasma lipid peroxidation induced by ONOO -. Moreover, the tested extract modulated the coagulation properties of plasma treated with peroxynitrite. It seems that antioxidative activities of the highly purified extract from hop cones may be responsible for its medicinal properties.
Introduction
The plant of Humulus lupulus (Cannabaceae) is known as a raw material in the brewing industry. Hop cones, rich in polyphenolic compounds and acyl phloroglucinols, are widely used to preserve beer and to give it a characteristic aroma and flavour. Hop cones have long been used for medicinal purposes. In particular, hop preparations were mainly recommended for the treatment of sleeping disorders. Recently, some different prenylated chalcones present in hops of Humulus lupulus have received much attention for their biological effects [1] [2] [3] , and had been widely investigated because of their beneficial health properties; in particular, xanthohumol has been shown to exert cancer chemopreventive activities in experiments in vitro, and 8-prenylnaringenin has been characterized as one of the most potent phytoestrogens isolated until now [4, 5] .
There is no information about the role of the highly purified extract from hop cones containing high amount of xanthohumol, in the inhibition of oxidative stress or in the reduction of changes of hemostasis induced by peroxynitrite (which is a strong physiological oxidant and inflammatory mediator) in human plasma. Results of Miranda et al. [6] showed that prenylated chalcones from hops protected a low density lipoprotein (LDL) from Cu 2+ -inducing oxidation in vitro. Of the 12 tested prenylated chalcones, xanthohumol and desmethylxanthohumol were the most effective antioxidants. These compounds (5 µM) decreased conjugated diene formation (the biomarker of lipid peroxidation) by more than 70% after 5 h of incubation, compared to vehicle control (LDL and Cu 2+ ). In those studies, xanthohumol was more effective than a-tocopherol and the isoflavone genistein, but less effective than the flavonol quercetin [6] . Xanthohumol was also shown to scavenge free radicals, including superoxide anion radicals [7, 8] . Moreover, prenylated 2'-hydroxychalcones and flavones from hop cones were shown to inhibit peroxynitrite -mediated oxidation of LDL [9] . The scavenging properties of reactive oxygen species by xanthohumol and isoxanthohumol were studied by Gerhauser et al. [7] , who found that xanthohumol was 8.9-and 2.9-fold more potent that trolox at a concentration of 1 µM with respect to scavenging of hydroxyl and peroxyl radicals. Xanthohumol was also shown to scavenge superoxide anion radicals, generated by xanthine oxidase, without directly inhibiting its activity [7] .
The hop extract, like other plant extracts, may be also integral part of human diet. Coldham and Sauer [10] suggested that hop extracts are the major constituents of many food and dietary supplements that claim to enhance breast size.
The aim of our study was to establish and compare the influence of highly purified extracts from hop cones containing high amount of xanthohumol with a well known commercial monomeric polyphenol -resveratrol (3,4',5-trihydroxystilbene), a natural product from grapes and red wines on nitrative and oxidative damages induced by peroxynitrite (0.1 mM) in human plasma. Reaction of peroxynitrite with proteins can lead to the nitration of aromatic amino acid residues, oxidation of thiol groups and conversion of some amino acid residues into carbonyl derivatives. Oxidative/nitrative modifications (induced by peroxynitrite) of plasma proteins (fibrinogen and plasminogen -the main proteins of hemostasis) also induce changes in their hemostatic functions. Therefore the aim of our study was to explain the effect of the extract from hop cones on the coagulation activity human plasma treated with peroxynitrite. Oxidative/ nitrative modifications of different components of the hemostasis system, including plasma proteins, have been observed in several cardiovascular diseases, various cancers, and in patients with inflammationbased diseases and neuropsychiatric disorders [11] . In the present study, we measured nitrotyrosine level as a marker of protein nitration. The oxidative damage of proteins induced by peroxynitrite was monitored by estimating their respective numbers of carbonyl groups. 
Experimental Procedures

Plant material
Extraction and isolation
Hop cones (100 g) were powdered and extracted with 2000 mL of 70% EtOH by boiling for over 60 min. The extract was filtered and evaporated at 40°C by rotary evaporation to remove the organic phase. After evaporation, the suspension of crude extract was left on shelf at room temperature until sediment had separated from liquid phase. The process was accelerated by centrifuging the extract (15 min; 5,000xg). The precipitate, contained the majority of the xanthohumol and had a viscous, pasty consistency and tawny colour. The precipitate was freeze-dried and the content of xanthohumol was quantified using HPLC. This extract (1.5 g) was suspended in 30% EtOH and applied to a C 18 preparative column (45 mm x 160 mm) previously preconditioned with 30% EtOH in 1% AcOH. The column was washed with linearly increasing concentrations of EtOH (30→100%) in 1% AcOH. Ten millilitre fractions were collected and monitored by HPLC. Fractions possessing xanthohumol were combined and freezedried. After this stage the concentration of xanthohumol amounted to about 80% sample dry matter.
Chemical analysis
The concentration of xanthohumol in the hop cone extract was determined by HPLC system (Waters, USA) consisting of a Waters 600 Controller, 616 Pump with an in-line Degasser AF and a model 717 plus autosampler.
The system was equipped with a photodiode array detector (model 996). Separations were achieved on a Eurospher-100 C18 column of 4 x 250 mm; 5 μm particle size (Knauer). The following chromatographic conditions were used: flow rate 1 mL/min, column temperature 50°C, sample injection volume of 20 μl, mobile phase A (1% H 3 PO 4 in water) and B (95% MeOH in 1% H 3 PO 4 in water). A linear gradient 20% B to 100% B over 60 min was used. Xanthohumol in each sample was identified by comparing its retention time and UV-VIS spectrum with that of standard compound. The calibration curve was prepared for xanthohumol in the range of 370 nm and was used for determination.
Other chemical materials
Peroxynitrite was synthesized according to the method of Pryor and Squadrito [12] . Freeze fractionation (-70°C) of ONOOsolution formed a yellow top layer, which was retained for further studies. The top layer typically contained 80-100 mM ONOOas determined spectrophotometrically at 302 nm in 0.1 M NaOH (e 302nm =1679 M -1 cm -1 ). Rabbit anti-DNP antibody and resveratrol (>99%) were purchased from Sigma (St Louis, MO). Biotynylated anti-goat/mouse/rabbit antibody and streptavidin-biotynylated horseradish peroxidase were from DAKO (Glostrup, Denmark). Mouse anti-nitrotyrosine monoclonal antibodies were from Oxis (Portland, USA). All other reagents were of analytical grade and were provided by commercial suppliers.
Isolation of plasma
Blood samples were taken from 10 healthy volunteers (5 males and 5 females) between the ages of 20 and 25 years (mean 24.3±2.2). None of the subjects had any existing medical conditions. They all had normal body mass indexes, and were not taking any medications,. addictive substances, or and antioxidant supplements. They all had balanced diets, which included meat and vegetables, and they lived in similar socioeconomic conditions.
The blood samples were collected into vials containing sodium citrate (5 mM final concentration) between 8.00 and 8.30 a.m. and immediately centrifuged (3000×g, 15 min) to get plasma.
The protocol was passed by the Committee for Research on Human Subjects of the University of Lodz number KBBN-UŁ/I/4/2011.
Incubation of plasma with the extract from hop cones
The hop cone extract was dissolved in 50% dimethyl sulfoxide (DMSO). The final concentration of DMSO in samples was lower than 0.05%, and in all experiments its effects were determined. In these experiments, we observed that DMSO did not change the level of oxidative/nitrative stress or the coagulation properties of plasma (Data are not presented). The hop cone extract was added to 0.5 mL of plasma (at the final concentrations of 12.5-50 µg/mL) and incubated for 5 min, at 37˚C. Plasma was also preincubated (5 min, 37°C) with the extract added to the final concentration of 12.5-50 µg/mL, and then the ONOOsolution was added (100 µM, 5 min, 37°C). Moreover, some plasma samples were incubated with resveratrol (at the final concentrations of 25 µg/mL, 5 min, 37°C).
Nitrotyrosine in the proteins of human plasma determined by a competition ELISA method
Detection of 3-nitrotyrosine-containg proteins by a competition ELISA method in a control or in tested plant extract, and ONOO --treated plasma, was carried out according to Khan et al. [13] with modifications as described previously [14] .
Detection of protein carbonyl groups in human plasma by an ELISA method
Detection of carbonyl groups by an ELISA method in plasma (control or pretreated with the tested extract and ONOO --treated plasma) was carried out according to the method described by Buss et al. [15] with modifications as described previously [14] . The ONOOtreated-fibrinogen (10 nmol of carbonyl groups/mg of fibrinogen) was prepared for use in the standard curve. The linearity of the ELISA method was confirmed by the construction of a standard curve ranging from 0.1 to 10 nM of carbonyl groups/mg of fibrinogen. The number of carbonyl groups present in fibrinogen after treatment with ONOO -(1 mM) was determined spectrophotometrically as described by Levine et al. [16] .
TBARS estimation
Samples (human plasma) without (control) or after exposure to ONOOand/or the tested extract were mixed with an equal volume of 15% (w/v) cold trichloroacetic acid in 0.25 M HCl and with an equal volume of 0.37% (w/v) thiobarbituric acid in 0.25M HCl. Then samples were immersed in a boiling water bath for 10 min. After cooling and centrifugation, the absorbance at 535 nm was measured and results were expressed as nmoles of thiobarbituric acid reactive substances (TBARS) per mg of plasma proteins [17] .
Measurements of prothrombin time
Human plasma (50 µl) was incubated with 50 µl of thromboplastin (Sis Biomed; commercial preparation was dissolved in 2 mL of deionized water) for 1 min at 30°C on block heater. After incubation, the measuring cuvette was transferred to the measuring holes and 50 µL of 25 mM CaCl 2 was added. The prothrombin time (PT) was determined coagulometrically (Optic Coagulation Analyser model K-3002; Kselmed, Grudziadz, Poland).
Measurements of thrombin time
Human plasma (50 µL) was added to measuring cuvette and incubated for 1 min at 30°C on block heater. The measuring cuvette was transferred to the measuring holes and 100 µL of thrombin was added (final concentration -1 U/mL). The thrombin time (TT) was determined coagulometrically (Optic Coagulation Analyser model K-3002; Kselmed, Grudziadz, Poland).
Statistical analysis
Statistical analyses were carried out using several tests. All the values in this study were expressed as mean ± SD. In order to eliminate uncertain data, a Q-Dixon test was performed. All values used in this study were expressed as means ± SD. A one-way ANOVA (using the post-hoc Bonferoni correction) was performed to determine the differences among different concentrations of the tested extract. A regression line was calculated by means of the leastsquares method.
Results and Discussion
In this paper, we showed that the extraction of powdered hop cones with 70% ethanol yielded an extract containing xanthohumol. Evaporation of alcohol resulted in a hazy solution, which precipitated when left on shelf. The precipitate contained a high amount of xanthohumol (20% of d.w.) as determined by HPLC. Separation of this fraction on a preparative C18 column resulted in a fraction, which contained 80% xanthohumol in the dry weight. The HPLC profile (Figure 1) showed the presence of one predominant compound. The other small peaks seen in the profile belong to isoxanthohumol and alfa-cids, but based on the peak area, they do not exceed 2% of the dry matter of the sample. No other phenolics, such as prenylnaringenin, that could influence biological activity of the sample were present. This xanthohumol rich sample was used for the biological tests. Treatment of plasma with peroxynitrite at the concentration of 0.1 mM resulted in the increase of TBARS, but the used purified extract from hop cones (at the highest tested concentration of 50 µg/mL) decreased the level of thiobarbituric acid reactive substances in plasma treated with peroxynitrite (by about 45%) ( Table 1 ). Exposure of plasma to peroxynitrite resulted also in an increase of nitrotyrosine residues and carbonyl groups in plasma proteins, as determined by a competition C-ELISA and ELISA method, respectively ( Table 1 ). The maximum inhibition of nitration (about 50%) and carbonylation (about 50%) caused by tested extract was observed at the concentration of 50 µg/mL ( Table 1) . The results of present study demonstrates that resveratrol (25 µg/mL) inhibited the tyrosine nitration and carbonylation in plasma proteins induced by peroxynitrite (0.1 mM) stronger than the hop cone extract at the same concentration -25 µg/mL ( Table 1 ). The same inhibition was observed when we measured the plasma lipid peroxidation (Table 1) .
To eliminate the possibility of the direct interaction of hop cone extract with plasma proteins and lipids, several experiments with human plasma and the tested extract only (without ONOO -) were performed. We have not found any pro-oxidative or antioxidative effect of the tested extract (Table 1) . Moreover, in control experiments we have observed that the decomposed ONOOdid not change plasma protein oxidation or nitration and lipid peroxidation (data not shown). Table 1 shows that the prothrombin and thrombin time were prolonged in plasma treated with peroxynitrite, when compared with the control. The hop cone extract had no protective effect on plasma clotting ability, but at concentrations of 12.5 -50 µg/mL, the extract significantly decreased prolonged prothrombin and thrombin time of plasma treated with peroxynitrie (Table 1) .
This is the first report to demonstrate the antioxidative properties of this extract in human plasma treated with peroxynitrite (0.1 mM). The concentration of peroxynitrite (0.1 mM) used in our experiments was relatively high. The lifetime of peroxynitrite at physiological pH is very short with half-time being of the order of 1 s. Exposure to a bolus of 250 µM peroxynitrite is equivalent of 7 min exposure to a steadystate ONOOconcentration of 1 µM. This concentration could be readily formed at sites of inflammation, where production of rates of NO • and superoxide radicals considerably increases [18] [19] [20] .
In the comparative studies, highly purified hop cone extract of was not found to be more effective as an antioxidant than the solution of pure resveratrol The results are representative of ten independent experiments, and are expressed as means ± SD. For plasma without ONOO-: the effects of three different concentrations of the extract from hop cones or resveratrol were not statistically significant according to one-way ANOVA test and POST Hoc test (Bonferoni correction), * -P>0.05 (for all tested biomarkers of oxidative stress and selected parameters of hemostasis). For plasma treated with ONOO-: the effects of three different concentrations of hop cone extract or resveratrol were statistically significant different, according to one-way ANOVA test and POST Hoc test (Bonferoni correction), ** -P<0.05 -for tested extract; *** -P<0.001 for resveratrol (for all tested biomarkers of oxidative stress and selected parameters of hemostasis).
(25 µg mL). The concentration of resveratrol (25 µg mL) was similar to that used in studies done by other investigators [21] . Physiological level of resveratrol in plasma is very low and depends mainly on grape or red wine consumption. Bioavilability of resveratrol in humans was determined to be more than 50%. Soleas et al. [22] showed that plasma level of resveratrol is about 5 µg/mL (about 20 µM) 30 min after drinking 100 mL of wine. The concentration of compounds derived from those presented in the tested hop cone extract in a person's bloodstream also depends on beer consumption. The concentrations used in our study of hop cone extract (12.5-50 µg/mL) may correspond to their physiological level found in blood. However, based on data from the literature it is clear that pure xanthohumol is not present in plasma, though metabolites of this compound can be expected [23] . After oral administration of xanthohumol to male rats (50 mg/kg), xanthohumol was detected in plasma mainly in the form of two mono-glucuronides whose maximum concentrations reached 180 and 65 nM, respectively, after 4 h. Other metabolites of xanthohumol, formed by cytochrome P450 enzymes, were detected in plasma at much lower levels than the glucuronides [23] .
Oxidative/nitrative modifications of many of plasma proteins have been found to induce various functional changes in the coagulation process or fibrinolysis that have been shown to be particularly susceptible to the oxidant attack of peroxynitrite [11] . The correlation between the increased amount of carbonylated or nitrated plasma proteins and the selected parameters of coagulation properties of plasma treated with peroxynitrite in the presence of the hop cone extract is showed on Figure 2 A-D.
The defence mechanisms against ONOOaction are very important for the biological functions of plasma components, including hemostatic properties of different proteins. The mechanism of action of various exogenous compounds in the defence against ONOOaction in plasma is still unknown. In this study, we examined the defence properties of hop cone extract. The present study provides more information about biological activity of the tested extract and for the first time, indicates that the hop cone extract may not only protect plasma proteins against oxidative/nitrative modifications caused by ONOO -, but may also protect against changes caused by the coagulation properties of plasma treated with ONOO -. We may suggest that hop cones extract may counteract the reduction changes in the level of carbonyl groups and 3-nitrotyrosine may be responsible for the reduction of hemostatic activity of plasma treated with peroxynitrite.
The antioxidative properties of highly purified hop cone extract presented in our study should be taken into account, because the use of dietary compounds with antioxidative properties has to potential to improve human health and prevent cardiovascular and inflammatory disorders.
